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TRANSMISSION BOARD AND CONNECTOR ASSEMBLY MADE BY A 
COMBINATION OF A CONNECTOR AND THE TRANSMISSION BOARD 

BACKGROUND OF THE INVENTION 
5 1. Field of the Invention 

The present invention relates to a transmission 
board having a transmission circuit on a surface thereof 
and conneclion pads on Lhe surface edge for connection wiLh 
a mating connector and a connector assembly consisting of a 

10 connector connected to the transmission board. 
2. Description of Lhe Related ArL 

Generally, a transmission board includes a 
resinous circuit board with transmission circuit or 
circuits printed on one or both sides thereof and 

15 connection pads provided on an edge of the circuit board 
for connection with a mating connector. Such a 
transmission board is disclosed in US Pat. 6,171,115; Figs. 
1-2. The edge of the circuit board is tapered so as to 
facilitate connection between the connection pads and the 

20 spring contacts of terminals for a mating connector. The 
tapered edge is made by planomilling . 

The above circuit board, however, has the 
following disadvantages . 

First of all, the processing precision of the 

25 tapered edge is very low and the processing requires much 
labor. The circuit board is so thin that it tends to warp 
and vibrate upon milling, providing a waving tapered edge 
or asymmetrical tapered edges on both surfaces. That is, 
the processing precision is so low that a plurality of 

30 terminals have different plugging forces and contact 

pressures. In addition, the precision in the size of the 
board itself or the positions of connection pads is so low 
as to produce a difference between the terminals and the 
connection pads, preventing miniaturization of a multiple 
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pole connector that has multiple connection pads at high 
density . 

In general, the circuit board is reinforced by 
mixing glass fibers. When the edge of a circuit board is 
5 planomilled, glass fibers projecL at Lhe Lapered portion or 
powder of the glass fiber or resin adheres to the terminal, 
making poor contact. The rough surface of the tapered 
portion prevents smooth movement of Lhe terminals, 
increasing the plugging force of a multiple terminal 
10 connector. 

Where transmission circuits are provided on both 
surfaces of a circuit board, the dielectric loss, which is 
produced by the resin between the transmission circuit, is 
so high that Lhe elecLrical characLerisLics become poor. 
15 Especially, this affects the high-speed transmission. It 
is noted that the relative permittivity of the resin to air 
is approximaLely 4. 

SUMMARY OF THE INVENTION 
Accordingly, it is an object of the invention to 
20 provide a transmission board capable of being made with 

high precision so as to plug to a mating connector smoothly, 
permitting high density terminal arrangement, and improving 
Lhe elecLrical characLerisLics and a connector assembly 
that is made up of a connector connected to the 
25 transmission board. 

According to Lhe firsL aspecL of Lhe invenLion 
there is provided a transmission board capable of achieving 
the above object and, according to the second and third 
aspecL of Lhe invenLion, Lhere is provided a connector 
30 assembly for realizing the above object. 
Firs t Asp ect of the in v ention 

The transmission board has a transmission circuit 
provided on a surface and connection pads provided on an 
edge thereof for connection with a mating connector. The 
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edge is provided with a guiding slope for facilitate 
conLacl of a terminal of Ihe mating connector with the 
connection pad. According to the invention, the 
transmission board comprises a frame body and a surface 
5 board supported by the frame body and having a transmission 
circuit on a surface thereof. The frame body is provided 
with a plugging edge that project from the edge of the 
surface board for" guiding the terminal of the mating 
connector to the connection pad. The plugging edge has a 

10 guiding slope and at least the plugging edge of the frame 
body is made of a metal or resin molding. 

As a result, the plugging edge is made with high 
precision so that it is possible to make efficiently a 
number of frame bodies with no or few variations and with 

15 smooth surface. The position of the connection pads 

relative to the frame body becomes accurate which, in turn, 
makes accurate the positional relation between the 
transmission board and a mating connector, making it 
possible to arrange a number of connection pads with high 

20 density. In addition, the smooth surface permits the 

connector terminal to slide with low friction, resulting in 
the low plugging force. 

A pair of surface boards on which corresponding 
transmission circuits are provided are held by the frame 

25 body at a regular interval such that the corresponding 
transmission circuits are opposed to each other so as to 
provide a transmission board for a signal pair. It is 
preferred that the opposed transmission circuits are made 
so as to have a characteristic impedance of approximately 

30 100 ohms in the differential operation of the pair. The 
two surface boards cooperate with the frame body to define 
a hollow space between them that is filled with air or a 
material having a relative permittivity and a dielectric 
loss tangent to provide a transmission board having small 
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loss and the improved electrical characteristics. Where a 
pair ol Lhe surface boards are allached Lo Lhe frame body 
such that the ground and signal circuits are provided on 
the outside and inside thereof, respectively, the signal 
5 circuit is connecled through Lhe surface board Lo Lhe 
connection pad that is provided on the outside. 

A projecting guide projects from the plugging 
edge in Lhe plugging direcLion Lo enter in Lhe groove of a 
mating connector before the connector terminal abuts 

10 against the plugging edge. Also, it projects from the 
plugging edge in Lhe verLical direcLion, forming a ridge 
portion. Upon, plugging with a mating connector, the 
projecting guide brings the plugging edge to a regular 
posiLion prior Lo Lhe plugging, Lhereby eliminating 

15 forcible plugging and damage to the connection pad. Where 
the projecting guide is tapered in both the vertical and 
horizontal directions, insertion into the mating connector 
is made easy. The ridge portion makes close contact with 
the corresponding groove of a mating connector so that the 

20 position of the transmission circuit is made accurate in 

the vertical direction, making even the contact pressure on 
the connection pad. Even if the transmission board is 
forcibly plugged, only it is tilted at the ridge portion, 
and no damage is made to other parts. It is preferred that 

25 the inside transmission circuit is connected to the 

connection pad through the surface board at a position 
relatively close to the edge, thereby eliminating an ad-hoc 
or stub in the transmission circuit and minimizing the 
attenuation or transmission loss at high-speed transmission. 

30 An extended contact of a metal may be attached to 

the connection pad. It is preferred that it is bent in a 
U-shape at the plugging edge to reach the guiding slope for 
protecting it. The signal connection pad is positioned 
relatively closely to the plugging edge and the ground 
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connection pad is apart from the plugging edge but adjacent 
Lo Lhe signal connection pad such lhal the extended portion 
is aligned with the signal connection pad. As a result, it 
is sufficient that the ground terminal of a mating 
5 connector is made only slightly longer than the signal 

terminal, thereby minimizing the connector in the plugging 
direction. 

In order to reduce the plugging force, the 
guiding slopes are made so as to have different sloping 

10 angles in correspondence with respective connection pads. 
Alternatively, the guiding slopes having different sloping 
angles or the same sloping angle may be offset in the 
plugging direction. Consequently, the rate of flexure of 
the individual terminals on the guiding slopes are 

15 different, minimizing the plugging force. 

It is preferred that the plugging edge is made 
higher than the surface board on the side adjacent to the 
surface board so that the connector terminal does not abut 
against the edge of the connection pad, minimizing the 

20 damage thereto. At least one of the projecting guides is 
made so as to have a cross-section different from those of 
the other projecting guides, thereby preventing plugging 
error of the transmission board. 

It is preferred that the frame body is , provided 

25 with a stopper portion to abut against the mating connector 
at the predetermined plugging position of the transmission 
board, thereby preventing damage to the transmission board 
and connector. Also, it is preferred that the frame body 
is provided with a lock member for preventing separation 

30 from the mating connector. Where the frame bodies are 
provided with a slit into which a linking member is 
inserted, it is possible to link them with the linking 
member and connect them to a mating connector at once. In 
order to determine the relative position of the surface 
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board and the frame body, they are provided with a hole or 
noLch and a boss or projeclion, respectively , which are 
deformed under heat and pressure to attach the surface 
board to the frame body accurately and firmly. The frame 
5 body may have a pluraliLy of plugging edges lor plugging Lo 
connectors in correspondence with the surface board having 
connection pads arranged along a plurality of edges. 
Second Aspect of Liig ijriveaLicn 

The second aspect of the invention relates to a 

10 connector assembly consisting of a plurality of the 

Lransmission boards Lo a connecLor. IL has transmission 
circuits on a surface thereof, along the edge of which a 
connection pads are arranged as part of the transmission 
circuils so Lhal upon connection Lo Lhe connecLor, Lhe 

15 connection pads are brought into contact with the connector 
terminals. 

According Lo Lhe second aspecL of Lhe invenLion, 
the transmission board comprises a frame body and a surface 
board supported by the frame body and having connection 

20 pads arranged along a pluraliLy of edges of Lhe surface 
board on which transmission circuits are provided. At 
least the plugging edge of the frame body is made of a 
meLal or resin molding. A connecLor is plugged Lo Lhe 
transmission boards the plugging edge that corresponds to 

25 one of the edges, with the other edge ready to connect to 
anoL h er c o n necLor. 
Third Aspect of the Invention 

The third aspect of the invention relates to a 
connecLor assembly consisLs of a pluraliLy of Lhe 

30 transmission boards and a connector connected thereto. It 
has a plurality of transmission circuits on a surface 
thereof and a pluraliLy of connection pads arranged along 
the edge of the surface as part of transmission circuits. 
A guiding slope is provided on the edge to facilitate 
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contact of the connection terminals with the connection 
pads . 

The transmission board comprises a frame body and 
a surface board supported by the frame body and having 
5 transmission circuits thereon. The frame body has a 

plugging edge along the edge of the transmission board for 
guiding the connector terminals to the connection pads. 
The plugging edge is provided with a guiding slope. At 
least the plugging edge of *the frame body is made of a 

10 metal or resin molding. A plurality of the surface boards 
are held by the frame body such that the cox-responding 
transmission circuits are spaced at a regular interval. 

Since a plurality of the transmission boards are 
provided, it is possible to handle pair signals. The 

15 guiding slope guides the connector terminals to the 

transmission boards smoothly. It is preferred that the 
characteristics impedance of the opposed circuit patterns 
in differential operation has approximately 100 ohms. The 
two surface boards cooperate with the frame body to define 

20 a space filled with air or a material having a relative 

permittivity and a dielectric loss tangent lower than those 
of a glass fiber reinforced epoxy resin to provide a 
transmission board having small loss and good electrical 
characteristics. Where the ground and signal circuits are 

25 provided as the transmission circuits on the outside and 
inside of the surface board, respectively, the signal 
circuits are connected to the connection pads on the 
outside through the surface board. The two plugging edges 
are provided along the two edges of a surface board, which 

30 are perpendicular to each other, to be plugged to two 
connectors . 

A projecting guide extends from the plugging edge 
to enter the corresponding groove of a connector before the 
connector terminal makes contact with the plugging edge to 
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avoid forcible plugging, thereby protecting the connection 
pad. Also, a lock member is provided Lo engage wilh ihe 
connector for preventing separation when the connector 
moves to a predetermined plugging position. The frame body 
5 is provided wilh a slil into which a linking member is 

inserted so that a plurality of the transmission boards are 
held at predetermined intervals by the linking member and 
connecLed Lo a connector, making a connecLor assembly. 

BRIEF DESCRIPTION OF THE DRAWINGS 
10 Fig . 1 is a perspective view of a transmission 

board according Lo an embodirnenL of Ihe invention; 

Fig. 2 is an exploded perspective view of the 
transmission board; 

Fig. 3(A) is a secLional view of a hollow parL of 
15 the transmission board in a plane perpendicular to an arrow 
A of Fig. 1; 

Figs . 3(B) and (C) are secLional views of Lhe 
plugging edge of a frame body in planes parallel to the 
arrow A; 

20 Fig. 4(A) is a perspective view of a transmission 

board according to the second embodiment of the invention; 

Figs. 4(B) and (C) are perspective views of 
varia Lions Lo Lhe second embodirnenL; 

Fig. 5 is a perspective view of a connector 

25 assembly; 

Fig . 6 is a partially cutout, perspective view of 
the plugging edge of a transmission board according to the 
third embodiment; 

Fig. 7 is a parLially cuLouL, perspecLive view of 
30 the plugging edge of a transmission board according to the 
fourth embodiment; and 

Fig. 8 is a secLional perspecLive view of Lhe 
plugging edge of a transmission board according to the 
fifth embodiment. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 
In Figs. 1 and 2, a transmission board 10 
consists of a plurality of surface boards 20 and a frame 
body 30. The surface boards 20 have an identical circuit 
5 and are aLlached Lo upper and lower sides of Lhe frame body 
30 such that a signal circuit 21 and a shield surface or 
ground circuit 22 face inside and outside, respectively. 
Al ternaliveiy , Lhe surface boards 20 may have different 
signal circuits or only a single surface board 20 may be 
10 used. 

The surface board 20 has a plurality of signal 
circuits 21 on a surface thereof and the ground circuit 22 
on the other surface. The shield surface 22 covers almost 
all Lhe signal circuiLs 21. ConnecLion pads 23 and 24 are 

15 provided on adjacent two edges of the surface board 20 on 
the side of the shield face 22. The number of connection 
pads 23 or 24 is Lhe same as LhaL of Lhe signal circuiLs 21. 
In Fig. 2, the connection terminals or pads 23 and 24 are 
provided at one and the other end of each linear signal 

20 circuiL 21. A conducLive porLion 23A or 24A is provided in 
an aperture of each connection pad 23 or 24 for connecting 
the connection pad 23 or 24 to a corresponding signal 
circuiL 21 (Fig. 3). 

In Fig. 3 f since the conductive portion 24A is 

25 formed in the same manner, only the conductive portion 23A 
is shown. A cuL-off porLion 25 is provided in Lhe surface 
board 20 such that the two edges on which the connection 
pads 23 and 24 are provided make a T-shape. The corner 
between Lhe remaining Lwo edges on which no connecLion pads 

30 are provided is cut off obliquely. A pair of such surface 
boards 20 are attached to both sides of the frame body 30 
such LhaL Lhe Lwo faces on which Lhe signal circuiLs 21 are 
provided face inside and are opposed to each other. 
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The frame body 30 is made by molding a synthetic 
resin or meLal (lighL ruelal) into a reclangular frame as 
shown in Fig. 2. It has a seat face 31 stepped down from a 
peripheral face 32 by the thickness of the surface board 20 
5 for receiving Lhe edge of Lhe surface board 20. The shape 
and size of the seat faces 31 are made so that its 
periphery is substantially identical with the periphery of 
Lhe surface board 20. IL has plugging edges 33 and 34 in 
correspondence with the edges of the surface boards 20 on 

10 which the connection pads are provided. The plugging edges 
33 and 34 are Lapered so thai Lhe spring Lerminals of a 
mating connector (not shown) pass over the tapered plugging 
edges 33 and 34 without difficulty to the connection pads 
23 and 24. The plugging edge 33 or 34 has allernalely 

15 different slopes 33A and 33B or 34A and 34B in 

correspondence with the connection pads 23 or 24. 
Allernalively, Lhe plugging edges 33 and 34 may have Lhe 
same slope. 

Projecting guides 35 and 36 are provided at ends 
20 of Lhe plugging edges 33 and 34 of Lhe frame body 30. 

Alternatively, separate projecting guides 35 and 36 may be 
attached to the frame body 30. They extend in plugging 
direclions perpendicular Lo Lhe longiludinal direcLions of 
the plugging edges 33 and 34 and in the vertical direction. 
25 They have a tapered tip 35A or 36A in both the longitudinal 
and verlical and direcLions. Upon plugging, Lhey enter Lhe 
guide grooves of a mating connector to determine the 
plugging position before engagement with the terminals of 
Lhe ma Ling connecLor. 
30 The surface boards 20 are placed on the seat 

portion 31 at regular positions and secured to the frame 
body 30 wiLh an appropriale fastener such as an adhesive. 
The completed transmission board 10 is connected to the 
mating connector as follows. 
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In Fig. 1, respective mating connectors (not 
shown) are plugged Lo the Iransrnission board 10 al Lhe 
plugging edges 33 and 34 as shown by arrows A and B. Since 
the principle of connection is the same, only the connector 
5 in Lhe plugging direction A will be described below. The 
projecting guides 35 enter the corresponding guiding 
grooves, bringing the transmission board 10 to a 
predelermined plugging posiLion defined in Lhe verLical and 
horizontal directions. The tapered tips 35A facilitate the 

10 movement into the guiding grooves. The projecting guides 
35 deLermine Lhe plugging posiLion wiLhouL difficulLy and 
forceful plugging is prevented. Also, a small error in the 
plugging position is corrected. 

As shown in Fig. 3(B), Lhe connecLor Lerminal has 

15 a spring contact section CI. When the contact section CI 
is moved toward the transmission board 10 in the plugging 
direcLion A afLer Lhe projecLing guides 35 enLer Lhe 
guiding grooves of the connector, it slides on and passes 
over the guiding slopes 33A and 33B while flexing and, then, 

20 comes inLo spring conLacL wiLh Lhe connecLion pads 23. 
Since the connection pad 23 is connected to the signal 
circuit 21 via the conductive portion 23A, the contact 
secLion CI is connecLed Lo Lhe corresponding signal circuiL 
21. 

25 If the angle of the guiding slope 33B is smaller 

Lhan LhaL of Lhe guiding slope 33A, Lhe rale of flexing of 
the contact section CI on the guiding slope 33B is smaller 
than that of the guiding slope 33A. Consequently, the 
plugging force as a whole becomes smaller Lhan LhaL of Lhe 

30 connector that all of the terminals are flexed at the rate 
of guiding slope 33A. In addition, the surface of the 
conLacL pad 23 is made lower Lhan Lhe rear ends of Lhe 
guiding slopes 33A and 33B so that no or little damage is 
made to the edge of the connection pad 23 because the 
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contact section CI does not directly ride on the connection 
pad. The con Lac L sec Lion of a ground terminal passes over 
the edge 33 and comes into contact with the shield face 22 
of the transmission board 10 for grounding. Similarly, 
5 anoLher cormecLor (noL shown) is plugged Lo Lhe 

transmission board 10 in the direction B so that both the 
connectors are connected electrically via the transmission 
board 10. 

The second embodiment of the invention will be 

10 described with reference to Fig. 4, wherein both the 

surface board 20 and Lhe frame body 30 are differenL from 
those of the first embodiment. 

A plurality of ground connection pads 22A extend 
from Lhe shield surface aL opposiLe ends of Lhe array of 

15 connection pads 23. Consequently, it is sufficient for the 
ground terminals of a mating connector to be slightly 
longer Lhan Lhe signal terminals, Lhereby minimizing Lhe 
size of the connector in the plugging direction. 

The frame body 30 is provided with a pair of 

20 sLopper porLions 35B for bringing Lhe maLing cormecLor Lo a 
predetermined plugging position, a lock member 37 for 
preventing separation from the mating connector after 
plugging, and a sloL portion 38 for engagement wiLh a 
linking member for linking a plurality of transmission 

25 boards as a unit. 

In Fig. 4(A), Lhe sLopper secLions 35B have a 
step portion at the plugging edge 33 for abutting on a 
mating connector to provide the predetermined plugging 
posiLion. The lock section 37 has a flexible arm wiLh a 

30 hook portion 37A for the plugging edge 34. Upon plugging, 
the hook portion 37A engages with the mating connector for 
preventing accidental separation. 

As shown in Figs. 4(B) and (C) , the lock section 
35D is provided on the projecting guides 35 for engagement 
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with a mating connector for preventing separation from the 
ma Ling connecLor. In Fig. 4(B), a sliL 35E is provided in 
the projecting guide 35 so that the projecting guide 35 is 
so flexible that the width of the slit 35E is reduced upon 
5 plugging and Lhe compression is released upon cornplelion of 
the plugging, providing a locking condition. In Fig. (C) , 
such flexing is not made in the projecting guides but in 
Lhe maLing connecLor. A ridge per Lion 35F is provided on 
the side of the projecting guide 35 for preventing 

10 erroneous insertion of a transmission board. 

As shown in Fig. 5, a linking member 39 is 
inserted into the slot portions 38 provided in the edges 
opposite to the plugging edges 34 to unite the transmission 
boards 10 as an assembly. A connecLor 40 is plugged Lo Lhe 

15 assembly of transmission boards 10 at the plugging edges 34. 
The linking member 39 is made of a metal in such a shape as 
Lo cover Lhe connecLor assembly for producing shield 
effects. Alternatively, the adjacent frame bodies may be 
designed so as to engage with each other, forming an 

20 assembly . 

Other embodiments will be described with 
reference to Figs. 6 and 7, wherein the plugging force is 
designed Lo be minimized. In Fig. 6, as described wiLh 
reference to Figs. 1 and 2, two types of guiding slopes 33A 

25 and 33B, which have different sloping angles, are arranged 
alLernaLely. The guiding slopes 33A have a sloping angle 
smaller than that of the guiding slopes 33B so that the 
terminals of a mating connector flex on the guiding slope 
33A aL a lower raLe Lhan on Lhe guiding slope 33B. ThaL is, 

30 the degree and duration of resistance upon plugging are so 
different between them that the plugging force as a whole 
is minimized. 

In Fig. 7, the guiding slopes 33A and 33B, which 
have substantially the same sloping angle, are offset in 



- 14 - 



the plugging direction. Consequently, the terminals start 
Lo Ilex al different Limes so Lhal Lhe respective plugging 
forces do not concentrate at the same time, minimizing the 
plugging force as a whole. 
5 The conductive portion 23A is provided relatively 

closely to the guiding edge 33 in Fig. 6 but spaced farther 
from the guiding edge 33 in Fig. 7. In the former, there 
is no ad-hoc or stub (branching) in the transmission 
circuit, minimizing the attenuation or transmission loss in 
10 the high-speed transmission and, in the latter, there is no 
or little danger that the connector terminal comes to 
contact with the conductive portion and it is suitable for 
the application where no high-speed transmission is 
required. 

15 In Fig. 8, the connection pad 23 is provided on 

the lower side of the surface board 20 on which the signal 
circuit is provided. An extended contact 41 is brazed to 
the connection pad 23. The extended contact 41 extends 
outwardly from the edge of the surface board 20 through a 

20 slit 33C in the plugging edge 33 of the frame body. It is 
bent into contact with the guiding slope 33A for protecting 
the guiding slope 33A. It is brought into contact with the 
connector terminal CI at its bent portion, thus eliminating 
the above stub problem. 

25 A variety of modifications may be made to the 

illustrated embodiments. For example, if both the signal 
circuits of two surface boards are made identical and 
opposed to each other and the characteristic impedance is 
set at approximately 100 ohms, the electrical 

30 characteristics are improved. The mechanical strength and 
the electrical loss are improved by filling the space 
between the two surface boards with air or a material 
having a relative permittivity (er) and dielectric loss 
tangent (tan5) lower than those of the glass fiber 
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reinforced epoxy resin for the surface boards. The glass 
fiber reinforced epoxy resin "FR-4" has a relalive 
permittivity of 4.8. 

As shown in Fig. 4 (A) , a projection 35C is 
provided on the Lop surface of Lhe projecting guide 35 so 
as to make close contact with the groove in the mating 
connector so that the vertical position of a transmission 
circuit becomes accurate, making even the contact pressures 
on the connection pads of the two surface boards. Ever if 
the transmission board is plugged forcibly, only it is 
tilted at the projection 35C and no other parts are damaged. 
A notch 25 is provided in the surface board 20 and a boss 
3 9 is provided on the frame body 30 for engagement with the 
notch 25. The boss 39 is then deformed under heat and 
pressure to secure the notch 26. The plugging edges may be 
provided on opposite edges or three edges of a transmission 
board. 

As has been described above, according to the 
invention, the frame body is made of a metal of resin 
molding so that no mechanical processing such as cutting is 
required, thus improving not only the productivity but also 
the accuracy and surface condition of the plugging edge. 
As a result, not only the contact pressures of connector- 
terminals become even but also the contact positions become 
so accurate that the plugging operation is made with small 
sliding resistance. The high precision makes it possible 
to miniaturize the connection pads and the connector 
terminal arrangement, providing a compact design. 

Where two parallel surface boards are provided on 
the frame body, a material with a low relative permittivity, 
such as air, is provided between the surface boards so that 
the dielectric loss is reduced, thus improving the 
electrical characteristics. The linking section provided 
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on the frame body makes it easy to provide a connector 
assembly Lhal has a plurality of transmission boards. 



